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Problem Description
Synchronization through coordinated and cooperative control is an active topic of research, and of
high industrial interest as it allows for robotic solutions in production and manufacturing providing
increased speed, cost-efficiency and safety. Furthermore, it is a an enabling technology for
unmanned oil and gas platforms that is of high interest to the oil and gas industry in Norway as it
is moving towards smaller unmanned platforms in order to utilize the remaining oil and gas
resources on the Norwegian continental shelf. In this project you will acquaint yourself with
coordinated and cooperative control, in particular for robot manipulators, and develop control
systems for robot manipulators that will enable robot manipulators to cooperate and manipulate
dynamic objects in the environment. Synchronization control is related to tracking control in that
the robot must move in time with the reference, but differs in that the reference in synchronization
control is the motion of the physical manipulator rather than an ideal precomputed trajectory.
There is already some work on synchronization of robot manipulators in [1] and [2], but none that
incorporates the synchronization concept into contact operations for controlling force and motion
at the same time.
The main goal of the project is to utilize ideas from synchronization theory together with the Hybrid
Force/Motion Control concept as introduced in [3] to separate the interaction control problem into
two separate subproblems; motion control and force control of the contact forces applied to the
environment. Based on the results from the pre-study project, where a control concept was
proposed for linking motion control to interaction with the environment in terms of synchronized
behaviors.
1. Perform a rigorous analysis of the control concept in terms of stability.
(In particular, note that with the proposed control concept, only the position/velocity error in the
directions without contact are seeked control, together with the force in the directions with contact.
It remains to analyze the internal dynamics Sfx, i.e. the behavior of the error states in the
directions in which there is contact. Can we prove that these are bounded? Also consider the global
stability properties.)
2. Verify the analysis by simulations.
3. Discuss the control concept and its consequences (Including stability properties, implications for
practical use and implementation issues)
4. Perform a literature study to establish state-of-the art for force control together with stability
analysis (Lyapunov, linear and other analysis tools). Compare the proposed control concept, its
stability properties and practical consequences to existing force control solutions.
---
[1] H. Nijmeijer, Rodriguez-Angeles, A., Synchronization of Mechanical Systems, vol. 46: World
Scientific Series on Nonlinear Science, Series A, 2003.
[2] E. Kyrkjebø, "Motion Coordination of Mechanical Systems: Leader-Follower Synchronization
Control of Euler-Lagrange Systems using Output Feedback Control," Norwegian University of
Science and Technology, 2007.
[3] M. H. Raibert, Craig, J. J., "Hybrid position/force control of manipulators," ASME Journal of
Dynamic Systems, Measurement and Control, vol. 103, pp. 126 - 133, 1981.
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